Background: Colorectal cancer (CRC) originating from the right-sided or left-sided colon is distinct clinicopathological entity. The KRAS status and its prognostic value in CRC remain controversial. This study aimed to investigate the association of KRAS status with clinicopathological features and prognostic value in CRC. Methods: 178 colon cancer and 145 rectal cancer patients were enrolled. KRAS mutation test was performed on paraffin-embedded tumor samples using PCR methods. The colon cancer was divided into right-sided colon cancer (RCC) and left-sided colon cancer (LCC). Studies that reported the association of KRAS mutation with CRC clinical features and prognosis in databases were searched prior to 2018. The data of the present study was combined with the data of published studies using meta-analysis methods. Results: No significant difference between colon cancer and rectal cancer regarding the KRAS status. The KRAS mutation was much frequent in RCC than in LCC (p = 0.010). 17 studies with 11,385 colon cancer patients were selected, the pooled results of our data and previous published data showed that KRAS mutation was more frequent in RCC compared with in LCC (p < 0.01); KRAS mutation was not associated with the prognosis in RCC patient; however, KRAS mutation indicated a poor prognosis in LCC patients compared with KRAS wild type (p < 0. 01). Conclusion: KRAS status has no difference between colon cancer and rectal cancer. KRAS mutation was more frequent in RCC than in LCC, and associated with a poor prognosis in LCC patients, but not in RCC patients.
Background
Colorectal cancer (CRC) is the third most common malignancy globally, accounting for approximately 10 .0% of all new cancer cases [1] . CRC can be divided into colon cancer and rectal cancer base on their primary tumor location within the colon and rectum. The colon cancer can further be classified into right-sided colon cancer (RCC) and left-sided colon cancer (LCC) divided at the site of splenic flexure of colon. In recent years, a growing evidences revealed that there were significant differences between RCC and LCC with regard to the clinical findings, pathology, genetic mutations and survival time [2] . Thus, the location of tumor is an important factor that affects the prognosis of CRC.
Knowledge has shown that CRC tumorigenesis was characterized by the accumulation of genetic mutations, and Kirsten rat sarcoma viral oncogene homolog (KRAS) mutation was an early event in tumorigenesis [3] . KRAS mutation occur in approximately 30 to 50% of CRC, and 90% of mutation occur in codon 12 or 13 [4] [5] [6] . At present, anti-epidermal growth factor receptor (EGFR) antibody has been showed to be an effective therapy in the treatment of CRC patients. However, patients with KRAS mutation are unlikely to benefit from anti-EGFR therapy [7, 8] , thus the KRAS status is used as an important biomarker for the selection of suitable patients. To date, many studies reported the clinicopathological features of CRC, and some studies further analyzed the KRAS status in RCC and LCC. However, the results of KRAS status in RCC and LCC remained inconsistent [9] [10] [11] . Here, we reported our results of clinicopathological features and KRAS status in Chinese patients with CRC, and further compared the KRAS status in RCC and LCC.
Although some studies showed that the tumor location and KRAS status could affect the effectiveness of patients treated with cetuximab [12, 13] , the association between KRAS mutation and patients' survival remained controversial, as some reports have failed to show any prognostic value of KRAS [14] [15] [16] [17] . For example, there was a study found that KRAS mutations were not associated with risk of death in the overall patients of CRC, but LCC patients harboring KRAS mutation have a greater risk of death [18] . These results suggested that the prognostic value of KRAS status in CRC patients might also depending on the location of primary tumor; however, due to the limited of reports, this result still need to be further validated. Therefore, in this study, we combined the published data to further explore the prognostic value of KRAS status in both RCC and LCC.
Methods

Patients and data extraction
This study was retrospective design, patients who diagnosed with CRC and undergoing radical surgery in the Affiliated Tumor Hospital of Guangxi Medical University from January 2015 to January 2018 were included. The inclusion criteria were: CRC was confirmed by historical biopsy; Patients with inflammatory bowel disease or a known history of familial adenomatous polyposis were excluded. Patients with unknown KRAS status or receiving anti-EGFR agents in the perioperative period were also excluded. Detailed information was obtained on patients' age, DNA extraction from FFPE specimens FFPE tumor blocks were selected by the surgical pathologist for clinical testing. Tissue was deparaffinized using xylene, ethanol washes, and acetone dehydration, and after cell lysis and proteinase K treatment, the DNA was extracted using the Puregene DNA Isolation or QIAquick PCR purification kit (QIAGEN, Inc. Valencia, CA).
KRAS mutational analysis and sequencing
Mutations in KRAS codons 12 and 13 in exon 2 were detected using amplification refractory mutation system (ARMS 
Search strategy for articles
Because the association of KRAS status with clinicopathological features and prognostic value in CRC might depend on the primary tumor location, we retrieval articles that analyzing the KRAS status and the prognostic value in RCC and LCC prior to April 2018 by searching the following electronic databases, PubMed, Cochrane Library, Web of Science, EBSCO and Chinese National Knowledge Infrastructure (CNKI). The following search terms were employed: "colon cancer", "KRAS", "left-side" or "right-side," "prognosis". Included articles were limited to human studies but not limited by language. The first author, year of publication, study location, number 
Statistical analysis
Demographic and clinicopathological characteristics of the patients were stratified according to primary tumor location and KRAS mutation status. Continuous variables were presented as mean ± standard deviation, and compared using a Student's t-test. Summary statistics for the patients were presented as totals for categorical variables. The differences between wild-type KRAS (wt-KRAS) and mutant-type KRAS (mt-KRAS) in each group were assessed by the χ 2 test. The analyses were performed using R software version 3.4.3.
The meta-analysis of KRAS status in RCC and LCC, and the prognostic value of KRAS status in RCC and LCC was performed using Stata 11.2 software (Stata Corp, College Station, TX) with 2-tailed p-values. The pooled odds ratio (OR) with the corresponding 95% CI were used to estimate then KRAS status in RCC and LCC. The pooled HR with the corresponding 95% CI was used to assess the prognostic value of KRAS status in RCC and LCC. The p-value < 0.05 was considered statistically significant.
Results
Clinicopathological characteristics of CRC patients
There were 178 colon cancer and 145 rectal cancer patients finally enrolled in this study. The mean age of colon cancer and rectal cancer was (57.62 ± 12.67) years and (59.57 ± 11.89) years, respectively. No significant different between colon cancer and rectal cancer in the KRAS status (p = 0.393). Most of the colon cancer and rectal cancer was moderate differentiation, but no significant difference between colon cancer and rectal cancer (p = 0.099). There was no obvious difference in nodal status, distant metastases, AJCC stage between colon cancer and rectal cancer (p > 0.05). However, the number of advanced tumor infiltration patients (T3 + 4 stage) of colon cancer was greatly larger than that of rectal cancer (p = 0.018). Detail of included CRC patients was listed in Table 1 . 
Clinicopathological characteristics of colon cancer in different status of KRAS
Of the 178 colon cancer patients, 62 occur KRAS mutation, the remained116 were KRAS wild-type. We divided these patients based on the status of KRAS, and found that no obvious differences in patients' gender, age, histological differentiation, nodal status, distant metastases, AJCC stage (p > 0.05). However, significant difference was found between RCC and LCC regarding the KRAS status, with KRAS mutation in RCC was 46.4% (32/69), and in LCC was 27.5% (30/109), p = 0.010. Table 2 showed the detail of the characteristics in different status of KRAS.
Characteristics of included studies
Seventeen studies [9] [10] [11] [12] [13] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] with 11,385 colon cancer patients were included in this study based on the included criteria. Among them, sixteen studies [9-13, 19-29] with 5, 835 patients provided the data of KRAS status in colon cancer, with 3961 LCC patients and 1874 RCC patients, respectively. Four studies [11, 18, 23, 28] with 6697 patients provided the survival data of KRAS status in colon cancer, with 3670 LCC patients and 3027 RCC patients, respectively. Table 3 presented the detail of the characteristics of included studies. A flow chart of the article selection process was shown in Fig. 1 .
Pooled results of KRAS status in RCC and LCC
To clarify the KRAS status in RCC and LCC, we combined the data from sixteen studies that provided the KRAS status in RCC and LCC with our data. The pooled results showed that KRAS mutation was much more frequent in RCC compared with LCC (OR = 1.68, 95%CI = 1.50-1.88, p < 0.01), and no significant heterogeneity across the studies (I 2 = 34.3%, p = 0.082). See Fig. 2 . There was little publication bias across the studies (Begg's Test = 0.343; Egger's test = 0.575). See Fig. 3 .
Pooled results of prognostic value of KRAS status in RCC and LCC
To estimate the difference prognostic value of KRAS status in RCC and LCC, we combined the data from four studies that provided the data of overall survival (OS) of RCC and LCC patients with different KRAS status. All the studies included metastatic CRC cases, and patients receiving chemotherapy and/or radiotherapy after surgical resection. The multivariate analysis was performed by adjusting the confounding prognostic factors in each study. The pooled results showed that RCC patients with KRAS mutation has no significant different OS compared with patients with KRAS wild type (HR = 0.77, 95%CI = 0.58-1.02, p = 0.073; I 2 = 62.1%), see Fig. 4 ; however, LCC patients with KRAS mutation has a 
Discussion
In this study, by analyzing the clinicopathological features of 178 colon cancers and 145 rectal cancers, we failed to find the difference between colon cancer and rectal cancer regarding the KRAS status. By dividing the CRC based on the KRAS status, we did not observe the difference between KRAS mutation and wild type regarding the clinicopathological features, but found that RCC harboring more KRAS mutation compared with LCC (46.4% vs. 37.5%). We next combined the data of KRAS status in RCC and LCC, by pooling the data of Fig. 3 Begg's funnel plot for publication bias test Fig. 4 Forest plot of the KRAS mutation in the prediction of right-sided colon cancer patients. The squares and horizontal lines correspond to the study-specific HR and 95% CI. The diamond represents the summary HR and 95% CI. The diamond locates to the left but touches the vertical line means the no significant difference between patients with and without KRAS mutation regarding the OS sixteen studies and our data, we found that KRAS mutation was much more frequent in RCC than in LCC. In addition, by pooling the data of four studies, we found an obvious difference of OS in RCC and LCC regarding the KRAS status, that is, LCC patients with KRAS mutation has a shorter OS than with KRAS wild type, while RCC patients with KRAS mutation has no significant different OS compared with patients with KRAS wild type. These results indicated that both tumor location and KRAS status play important roles in the prognosis of CRC patients. Knowledge has shown that the right and left sides of the colon have different embryologic origins. Tumor that origins from the two sites of the colon has different molecular carcinogenic characters, including KRAS, BRAF mutations and microsatellite instability (MSI) [12, 30, 31] . KRAS has been confirmed as a proto-oncogene which induces tumorigenesis in several cancers. In CRC, KRAS mutations status and tumor location are associated with targeted therapy effectiveness. In this study, KRAS status has no obvious difference in colon cancer or rectal cancer, but showed significant difference in RCC and LCC, which was in consistent with Natsume et al. [11] and Tong et al. [27] reports, but in contrast to Cushman-Vokoun et al. [10] report. Then the following meta-analysis with larger patients further verified the different KRAS status in RCC and LCC, indicating that the KRAS mutation was more frequent in RCC than LCC.
Since the effect of anti-EGFR therapy on CRC is associated with KRAS status, many studies have estimated the prognostic value of KRAS status in CRC patients [8] [9] [10] , and some studies showed that mutation of KRAS indicated a poor prognosis of CRC patients, but there were also some reports have failed to show the similar result [14] [15] [16] [17] 19] , thus, the current conclusions regarding the prognostic value of KRAS status remain inconclusive. Because the distinct genetic alteration between RCC and LCC, both of the location of tumor and KRAS status are proposed to influence the prognostic value CRC. As Sasaki et al. [23] pointed that, KRAS mutation in RCC was not associated with the prognosis of CRC, while KRAS mutation in LCC indicated a poor prognosis of CRC patients. However, this result was based on a relative small sample size; thus, the robustness of the conclusion was undermined. In this study, by combining the data from four studies with 6697 patients, we found that LCC patients with KRAS mutation has a poor prognosis, but RCC patients with KRAS mutation did not show the similar results, which can partly explain the inconsistent results of the prognostic value of KRAS status in CRC patients. And these results further verified that both the KRAS status and location of tumor could affect the treatment effectiveness and prognosis in CRC patients.
Although this study showed the different KRAS status in RCC and LCC, and found the prognostic value of KRAS mutation was depending on the location of tumor, there were several limitations should be considered when interpreting the results. First, due to lack of the survival data in our center, we did not combine our data with published studies, thus, the sample size of the analysis for the prognostic value of KRAS status was relative small. Second, due to the limited studies available, we did not divide the patients based on the their ethnicity, so we did not know whether various ethnicity could affect the prognostic value of KRAS status in CRC, since evidence has shown that there were many differences in CRC between Asian and Caucasian ethnicity [32, 33] . Third, the present study only included the data of mutation of KRAS codons 12 and 13 in exon 2, other mutations, such as NRS and BRAF mutation, were not included. Although these type of mutations were fewer compared with the KRAS mutation, the lack of data of other mutations might lead to selected bias in the analysis. Fourth, the pooling analysis included all stages of CRC patients without stratified them into different stage, that is, early stage or advanced stage of CRC, hence the data very heterogeneous and would reduce the robustness of the results. Fifth, some of the included studies were retrospective design, which may lead selected bias and undermine the robustness of the results. Therefore, future research should be conducted to address the aforementioned limitations.
Conclusion
This study demonstrated that no significant difference of KRAS status between colon cancer and rectal cancer. KRAS mutation was much more frequent in RCC compared with LCC, and LCC patients with KRAS mutation has a poor prognosis compared with KRAS wild type, but RCC patients did not show the similar effect.
Abbreviation CRC: Colorectal cancer; EGFR: Epidermal growth factor receptor; HR: Hazard ratio; KRAS: Kirsten rat sarcoma viral oncogene homolog; LCC: Left-sided colon cancer; OR: Odds ratio; RCC: Right-sided colon cancer
